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Section I 
GENERAL 

Paragraph 

Purpose and scope 1 

Materials „ 2 

1. Purpose and scope. — a. The purpose of this manual is to 
provide, in convenient form, a review of some topics of arithmetic ' 
and related material which the pilot trainee must understand in order 
to practice simple air navigation and to cope with other problems of 
the practical airman. 

b. Briefly, the scope includes the elementary operations of arithmetic, 
such as addition, subtraction, multiplication, and division, percent, 
ratio and proportion, angular measurements, scales, the use of graphs 
and formulas, and the graphical solution of the more common prob- 
lems involving the triangle of velocity. 

c. In mathematics, as in learning to fly, no amount of reading can . 
replace actual practice. For this reason, many exercises have been, 
included in each paragraph, and at the end of each section a collection 
of miscellaneous exercises has been added based on the material con- *- 
sidered in that section. It is not contemplated that every student 
will do all of the exercises. However, an ample number of exercises 
has been' inserted to provide an opportunity for those trainees who* 
may feel the need for extra practice. The answers to the even num- 
bered exercises are given to enable each student to check his own work 
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if he wishes. Illustrative examples are profuse and- should help to 
clarify difficult points which may arise. 

d. Undoubtedly, some of the topics will seem very simple to many 
of the trainees. It must be remembered, however, that the mathe- 
matical proficiency demanded of a pilot not only involves an under- 
standing of the various operations, but also the ability to perform these 
operations accurately and quickly, and often under trying circumstances. 
Therefore the time spent in practicing, such a simple operation as 
addition, for example, will not necessarily be so much time wasted — 
no matter how clearly the process is understood. 

2. Materials. — In addition to pencil and paper, the student will 
need a ruler, a protractor, and a few sheets of graph paper. 

Section II ’ 



FUNDAMENTAL OPERATIONS 

Purpose and scope 

Addition 

Subtraction 

Multiplication 

Division 

Conversion of decimal fractions to common fractions 

Conversion of common fractions to decimal fractions 

Addition and subtraction of fractions 

Multiplication of fractions 

Division of fractions 

Ratio and proportion 

Positive and negative numbers 

Addition of positive and negative numbers 

Subtraction of positive and negative numbers 

Multiplication and division of positive and negative numbers... 
Miscellaneous exercises ’ 
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3. Purpose and scope. — The purpose of this section is to provide 
a review of the four fundamental operations of arithmetic: addition, 
subtraction, multiplication, and division. ■ They are called the funda- 
mental operations because all other mathematical operations are 
based on them. Every calculation that is made must use one or 
more of these operations. 

4. Addition. — a. Addition is the operation of finding the sum of 
two or more numbers. To add several numbers, place the numbers 
in a vertical column so that the decimal points are all in a vertical 
fine. (When no decimal point is indicated, it is assumed to be on the 
right.) Then add the figures in the right-hand column and place the 
sum under this column. If there is more than one figure in this sum, 
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write down only the right-hand figure and carry the others to the 
next column to the left. 

(1) Example: Find the sum of 30.53, 6.475, 0.00035, and 3476. 
Solution: 



CARRY- 
OVER. 



QmdtvsjL 

Fiqoee 1. 

b. Units. — Almost all the numbers which arise in practical arith- 

metic have to do with definite quantities such as 78 feet, 239 miles, 
25 degrees, 160 miles per hour, 210 pounds, and so on. In these 
examples, the words in italics, which state what the quantities are in 
each case, are called the units. When adding several quantities 
together, it is clear that the units must all be the same. For example, 
“the sum of 78 feet and 160 miles per hour ” is a completely meaningless 
statement. ~ •' 

(1) Units are so important and occur so often that standard abbre- 
viations have been adopted for them. A list of the correct abbrevi- 
ations and the relations which exist between some of the units are 
given in the appendix to this manual. 

(2) Example: Find the sum of 78 feet and 3 miles. 

Solution: In this case since 1 mile is the same as 5,280 feet (see 
appendix), then 3 miles is the same as 15,840 feet. Therefore 78 feet 
and 15,840 feet may be added together to give 15,918 feet. But the 
student is cautioned that unless there is a relation between the various 
units so that all the quantities may be expressed in terms of the same 
units, the addition cannot be performed. 

c. Symbols. — In arithmetic and in other branches of mathematics, 
much space and effort is saved by using symbols. Thus, in order to 
write “find the sum of 70.765 and 301.4”, the plus sign (+) is used 
and then this phrase can be written simply as “70.765 + 301.4 = ?.” 
When more than two numbers are to be added, the plus sign is repeated: 
70.765 + 301.4 + 765.84=1,138.005, for example. 

d. Exercises. 

(1) 30.53 in.+6.475 in. = ? 

(2) 648.03 cm + 37.895 cm+219.921 cm+. 08376 cm= 

905.92976 cm. Answer. 
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(3) 100.001+9.098 + 5678.91 = ? 

(4) 897.1+0.989+900.76+91901.359=93700.208 Answer 

(5) 9876 ft. + 101.109 ft.+77.007 ft.+92.928 ft.+94,987 ft + 

60.768 ft.=? 

(6) 19.767+43.542+76.305+58.143 + 13.25=211.007 Answer. 

(7) 11.1111 miles+66.667 miles+1.222 miles+125.125 miles+ 

375.375 miles =? 

(8) 78.908+202.202+62.501+0.003594+75=418.614594 

j^.TbS'USeV 

(9) 7.8098+20.202+6.2501 + 000.3594+7.5=? 

(10) 78.808 yd.+98.15 yd.+760 yd.+88199.76 yd.=89136.718 

yd. 

Answer. 

5. Subtraction. — a. Subtraction is the operation of finding the 
difference between two numbers. In order to subtract one number 
from another, write the smaller number below the larger so that the 
decimal points are in a vertical column. Beginning with the right 
column, subtract the figures in the smaller number from the corre- 
sponding figures in the larger number above them. 

(1) Example: Subtract 765.3 from 986.7. 

Solution: 986.7 
765.3 



Answer. 

b. If, however, the figure in the number being subtracted is larger 
than the figure directly above it, it is necessary to borrow one unit 
from the next figure to the left. 

(1) Example: Subtract 765.3 from 843.1. 

Solution: 



732 
7 65 



; 7 7i 

\ 



8 ob B ov 1 



8 



CkuUttB 



(!3-€) (US) (//- 3 ) 

. . Ar T • FlGUBE 2 . 

(2) Note. It is better to learn to do the “carrying over” mentally 
so that the preceding solution looks like this: 



843. 1 
765. 3 



77. 8 



Answer. 
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c. When a column has only one figure in it, zeros must be supplied 
in the blank spaces. 

(1) Example: Subtract 765.328 from 843.1. 

Solution: 



EXTRA 

ZEROS 



5 V 3 ( 


/(©- 


7 65, 


3 2 8 


7 7, 


7 72 



Figure 3. 



d. A problem in subtraction may be checked by adding the answer 
to the number directly above it. The sum should always be the 
number in the top row. 

(1) Example: Check the answer to the preceding example (5c(l)). 
Solution: 



CHECK 




(2) Units. — As in addition, care must be exercised to be sure that 
the units of the two quantities in a subtraction are the s'ame. 

e. Exercises. — In each of the following exercises subtract the smaller 
number from the larger. The symbol used to indicate subtraction is 
the minus sign (— ). Therefore an expression such as “1,205.789— 
980.833 = ?” means“What is the remainder when 980.833 is subtracted 
from 1,205.789?”.' The number following the minus sign is always 



subtracted from the number preceding the sign. 

(1) 1,205.789 in. — 980.833 in. = ? 

(2) 19.52 — .78 = 18.74 Answer. 

(3) 760,591-674,892 = ? 

(4) 73.44 cu. in.— 8.7375 cu. in. = 64.7025 cu. in. Answer. 

(5) 89.73-10.0045 = ? 

(6) 941.7—87.372=854.328 Answer. 

(7) 1,004.78 miles— 1,004.164 miles=? 

(8) 100,433 sq. ft. — 99,857 sq. ft.=576 sq. ft. Answer. 

(9) 1,000,000.3-998,757.4 = ? 

(10) 3,756.04—2,489.7=1,266.34 Answer. 



6. Multiplication. — a. Multiplication is a short method of adding 
a n um ber to itself a certain number of times. The numbers which are 
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multiplied together are called the factors and the result of the multi- 
plication is called the product. To multiply two numbers together, 
or in other words, to find the product of two factors, first write the 
factors one below the other (see illustrative example). It is usually 
easier to operate with the smaller number of figures in the second row. 
Multiply the factor in the top row by the right-hand figure of the factor 
in the. second row, and write this partial product directly under the 
second factor. Then multiply the factor in the top row by the second 
figure from the right in the second factor, and write this second partial 
product so that its right-hand figure is directly under the figure that 
was used to find it. These partial products are then added together 
to yield the required product. 

(1) Example: Multiply 1,653 by 247. 

Solution: 



1653 



/ / 5 
66 / 
33 06 



Factors 




Partial 

products 



4 o*29 / 

\ 



Product 



Figure 5. 

b. When there are decimal points, they are ignored until the product 
has been found. Then the decimal point is inserted in the product 
according to the following rule: Count off the number of figures to the 
right of the decimal point in each factor. Then the number of figures 
to the right of the decimal point in the product is equal to the sum of 
the number of figures after the decimal point in each' factor. 

(1) Example: Multiply 16.53 by 24.7. 

Solution: 

/ 6 . 5'5 === ^ 2 FIGURES + 

2 4,7 N FIGURE « 

1,571 3 Figures 

66 t Z / 

3 3 o6 / 

9 0 8. 2 9 !/ Gbnauei 
Product 



Figure 6. 



c. When the second factor contains zeros, the partial products 
corresponding to these zeros need not all be written down. Only the 
right-hand zero is written down. However, care must be exercised to 
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have the right-hand figures of all the partial products directly below 
their corresponding figures in the second factor. 

(1) Example: Multiply 16.53 by 24.07. 

Solution: 

>6.5 3 



2i 


¥. 


o 


A 


/ / 


5 


7 


P 


66 / 


2 


O 


! 


33o 61 









3 9 7*8 7 7 / Q/nautt 

x 

n Proouct 

Figure 7. 

d. Although there is no very simple way to check a multiplication, 
it is good practice to anticipate the approximate size of the product 
before beginning a long multiplication. This is done by “rounding- 
off” the factors to permit easy mental multiplication. Although by 
no means an accurate check, this will frequently catch mistakes in 
addition or in the location of the decimal point which would otherwise 
result in nonsensical answers. 

(1) Example: What is the approximate product of 15.73 multi- 
plied by 187.04? 

Solution: Round-off 15.73 to 15, and 187.04 to 200. Then the 
product is roughly 15 by 200=3,000. It is clear then that the 
product of 15.73 and 187.04 cannot be 150.6 or 6,030.3745, for 
example. 

e. Symbols and units. — The more common symbol for multiplication 
is X • However, it is quite common simply to write the numbers in 
parentheses next to each other: (3. 04)(17.78)=3. 04X17.78=54. 0512, 
for example. 

(1) When the same number is to be multiplied by itself, for example 
3.04X3.04, this is usually indicated by a small 2 placed above and to 
the right of the number: 3.04X3. 04=3. 04 2 . This is read as “3.04 
squared,” and 3.04 2 is the “ square of 3.04.” If the number is to be 
used as a factor 3 times, then a small 3 is used: 3.04X3.04X3.04= 
3.04 3 . This is read as “3.04 cubed,” and 3.04 3 is the “cube of 3.04.” 

(2) Unlike addition and subtraction, different units may be multi- 
plied together. The product is then expressed in a unit which is 
itself the product of the units of the factors. 

(a) Example: Multiply 5 pounds by 7 feet. 

Solution: (5 pounds)(7 feet)=35 pounds-feet=35 lb.-ft.= 
35 ft.-lb. . ' Answer. 
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( b ) Example: Multiply 9 feet by 17 feet. 

Solution: (9 feet) (17 feet)=153 feetXfeet=153 (feet) 2 =153 
ft. 2 (“ft. 2 ” is read “square feet”). Answer. 

j. Ir> arithmetic, as in other operations, there are many tricks which 
often simplify the work. One such trick which is often useful and 
easy to remember is the following: 

To multiply any number by 25, move over the decimal point in the 
given number two places to the right; then divide by 4. 

(1) Example: Multiply 16.53 by 25. 

Solution: Moving the decimal point over two places, 16.53 
becomes 1653. Dividing this by A: 1653/4=413.25. Therefore 
16.53X25=413.25. Answer. 

g. Exercises.- -To each of the following exercises 3 answers have 
been given. Eliminate the answers which are obviously wrong by 
rounding-off the factors and finding the approximately correct 
answers mentally. 

[25632.81 

(1) 600.3X42.7= 1200.62 

4273.21 

30,740 

(2) 180X76= 13,680 

25,580 

[400.785 

(3) 12.45X18.3= 60.785 

1 227.835 
472.6 

(4) 88X3.2= 281.6 

31.7 

[ 63,743.68 

(5) 1751.2X36.4= 6,374.368 

1 12,743.68 

3652.925 

(6) 903X8.475= 7652.925 

76.52925 

h. Exercises . — Perform the indicated multiplications. 



(1) .0734 in. X 70. 34 in. = ? 




(2) 831.43X71.46=59,413.9878 


Answer. 


(3) 1.0073 in.X6.4 ft.=? 




(4) 8.94X9.37=83.7678 


Answer. 


(5) 8,374.5X9,378.46 = ? 




(6) 10,742 lb.X737.2 ft. =7,919,002.4 ft.-lb. 


Answer. 


(7) 23.1X847.4 = ? 




(8) 9,034X10.06=90,882.04 


Answer. 
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(9) 8.037 ft.X24.2 lb. = ? 

(10) .0074X371.5=2.7491 Answer. 

7. Division. — a. Division is the process of finding how many times 

one number is contained in another. The number to be divided is 
called the dividend, and the number by which it is divided is called the 
divisor. The result of the operation, or the answer, is called the 
quotient. 

b. When the divisor contains but one figure, the method commonly 
used is known as short division. To perform short division, place the 
divisor (one figure) to the left of the dividend, separated by a vertical 
line (see illustrative example). Then place a horizontal line over the 
dividend. Divide the first or the first two figures of the dividend, as 
is necessary, by the divisor and place the quotient over the line. If the 
divisor does not go an even number of times, the remainder is prefixed 
to the next figure in the dividend and the process is repeated. 

(1) Example: Divide 4,644 by 6. 

Solution: 



^-QUOTIENT 
Divisor 1 1 H Onouvi 

I if 2 1 Dividend 

' j* Uoo 

I Mentallv 

2 Vj .REMAINDER 



I 



Figure 8. 



c. When the divisor contains two or more figures, the method used 
is known as long division. This is performed as follows: Place the 
divisor to the left of the dividend, separated by a line, and place the 
quotient above the dividend, as in short division. Using the divisor, 
divide the first group of figures of the dividend w'hich gives a number 
as large or larger than the divisor (see illustrative example). Place 
the first figure of the quotient above the dividend. Then multiply 
this figure by the divisor, and place the product below the figures of 
the dividend which were used for this division. Then subtract this 
product from the figures directly above it. The next figure in the 
original dividend is brought down to form a new dividend. This is 
repeated until all the figures of the original dividend have been used. 
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(1) Example: Divide 6,646,250 by 10,634. 
Solution: 

Quotient 

6 



/ 063 virnm 



Divisor 



6 3 8 o V 
2 6585 
2/ 26 8 
5 3 17 0 
53/ 7 o 



CUnouei 

Dividend 



Y 



REMAINDER 



Fiotjbe 9. 



d. It is not very common in both short and long division to have the 
divisor go into the last trial dividend a whole number of times. When 
the last trial remainder is not zero, it must be indicated in the answer. 
( 1 ) Example: Divide 4,647 by 6. ' 

Solution: 




(2) Example: Divide 6,646,257 by 10,634. 
Solution: 

DIVISOR ; 

/, 

/ 06 3 4)6 6 4 62 5 7 / 

638 o V „ / 

Remainder 
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e. Symbols. — “4,647 divided by 6” may be indicated in symbols in 
several ways. The division sign may be used: 4, 647-1-6. The “stroke” 
is more convenient to use on the typewriter; 4,647/6. Finally, the 

division may be indicated as a fraction: The fact that 4,647 

divided by 6 is 774 with a remainder of 3 may be written as “4647-1-6 = 

774+|” or “4,647/6=774+1” or “^=774+|-” 

/. Decimal point . — To locate the decimal point in the quotient when 
decimal points are present in either the divisor or the dividend, do 
the following: Move the decimal point in the divisor to the right of 
the right-hand figure. Then move the decimal point in the dividend 
to the right the same number of places that the point was moved in 
the divisor. When dividing be careful to place the quotient so that 
each figure of the quotient is directly above the right-hand figure of 
the group of figures which were used in the dividend. Then the 
decimal point in the quotient will be directly above the new position 
of the decimal point in the dividend. 

(1) Example: Divide 4.644 by .06. 

Solution: 



7 7 : 



H_ dno. 

ft 



Figure 12. 



(2) Example: Divide 6.646250 by 10.634. 
Solution: 






\2 5 dnc. 



5o 



_ ,2 

6 3 8 o V 
26585 
2/268 
53/7o 
53Ho 



Figure 13. 



g. If decimal points are involved in a division, it is not customary 
to indicate the remainder when the division does not come out “ even”. 
In lieu thereof extra zeros are added to the dividend, and the division 
is continued until the quotient has as many figures as desired. The 
number of figures to obtain in the quotient is largely a matter of 
common sense. 
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( 1 ) Example: Find 46.47/0.6. 

Soluiion: 

7 7 .45 Cbno. 

EXTRA ZERO 

Figure 14. 






(2) Example: Find 6.646250-^10.637. 
Solution: 



A 2 ¥81+ a no. 
,25ooo 

■i.? ?1J. ^ EXTRA 

2 64 o 5 ZEROS 

2 1274 
5/3/o 
42548 
87 62o 
85 o9 6 
2 524o 
2 / 2 74 

Figure 15. 



h. Mixed numbers .— In paragraph 7e it was mentioned that 

q~~ =774+|-” When the plus (+) sign is omitted, then 774f is 

called a mixed number. A mixed number is simply the sum of a whole 
number and a fraction written without the plus sign. To convert a 
mixed number to a pure fraction, multiply the whole number by the 
denominator of the fractional part, and add the numerator. This is 
the new numerator; the denominator does not change. 

(1) Example: Change 78f to a pure! fraction. 

Solution: 

7&XS-Ht = 574 ' 

=277 ctmo. 

Figure 18. 



i. Checks. Any division may be checked by multiplying the divisor 
by the quotient and adding the remainder. The result is always the 
dividend. 
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Solution: .6248X10.637=6.6459976. 

6.6459976 +remainder= 6. 6459976 

+2524 
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j. Units. — As in multiplication, any two different quantities may. 
be divided, even though the units are not the same. The quotient is 
expressed in a unit which is itself the quotient of the units of the 
dividend and the divisor. 

(1) Example: Divide 175 miles by 10 hours. 



Solution: 



175 miles 



: 17.5 



miles 



Answer. 



10 hours hours 

(In units of this sort it is customary to write the denominator in the 
singular, and use the stroke (/) to separate the numerator from the 
denominator: 17.5 miles/hour, or 17.5 mi./hr. Since “miles/hour” 
is read as "miles per hour,” this phrase is usually abbreviated as 
“mph”.) 

(2) Example: Divide 500 pounds by 50 square inches. 



Solution: 



500 pounds 



= 10 pounds/square inch= 10 lb./sq. in. 

Answer. 



50 square inch 

(“10 pounds per square inch”) 

k. Exercises. — Perform the indicated divisions, and express the 
quotient as a mixed number. 

(1) 894/16 



(2) 755/24 

" 31 

Solution: 24/755 
72 
35 
24 
11 

(3) 1,025/314 

(4) 215/72 

(5) 4,723/353 

(6) 6,754,000/1 1,411 

(7) 9,001/30 

(8) 11,415/45 

(9) 673/37 

(10) 1,371/38 



31 



11 

24 



Answer. 



591 



? 69 

J 72 



10099 

11411 



36 i 



Answer. 



Answer. 



Answer. 



Answer. 
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